人工股関節用CoCrMo合金の耐摩耗性に関する研究 by 陳 妍
Wear Behavior of CoCrMo Alloys for
Metal-on-Metal Hip Joints
著者 陳 妍
号 58
学位授与機関 Tohoku University
学位授与番号 工博第004964号
URL http://hdl.handle.net/10097/58889
          ࡕ࠻ࢇ ࡸࢇ 
Ặ ྡ          㝞  ዺ
ᤵ ୚ Ꮫ ఩          ༤ኈ㸦ᕤᏛ㸧
Ꮫ఩ᤵ୚ᖺ᭶᪥          ᖹᡂ㸰㸴ᖺ㸱᭶㸰㸴᪥
Ꮫ఩ᤵ୚ࡢ᰿ᣐἲつ Ꮫ఩つ๎➨4᮲➨1㡯 
◊✲⛉㸪ᑓᨷࡢྡ⛠ ᮾ໭኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉㸦༤ኈㄢ⛬㸧ᮦᩱࢩࢫࢸ࣒ᕤᏛᑓᨷ
Ꮫ ఩ ㄽ ᩥ 㢟 ┠          Wear Behavior of CoCrMo Alloys for Metal-on-Metal Hip Joints
㸦࣓ࢱ࣭࣭࣓ࣝ࢜ࣥࢱࣝேᕤ⫤㛵⠇⏝CoCrMoྜ㔠ࡢ⪏ᦶ⪖ᛶ࡟㛵ࡍࡿ◊✲㸧 
ᣦ ᑟ ᩍ ဨ ᮾ໭኱Ꮫᩍᤵ ༓ⴥ ᬗᙪ
ㄽ ᩥ ᑂ ᰝ ጤ ဨ          ୺ᰝ ᮾ໭኱Ꮫᩍᤵ ༓ⴥ ᬗᙪ ᮾ໭኱Ꮫᩍᤵ ᪂ᐙ ග㞝
             ᮾ໭኱Ꮫᩍᤵ ᡂᓥ ᑦஅ
                         
ㄽ ᩥ ෆ ᐜ せ ᪨        
Wear Behavior of CoCrMo Alloys for Metal-on-metal Hip 
Joints 
 Metal-on-metal (MOM) hip joints have been making tremendous contributions to pain reduction 
and walking improvement for patients. Nevertheless, there is a common agreement that wear of 
MOM articulating surfaces is the most frequent factor limiting their longevities. Up to now, 
cobalt-chromium-molybdenum (CoCrMo) alloys are extensively applied for implanted material, 
especially for MOM hip joints. Various previous studies have been carried out to elucidate the wear 
behaviors of biomedical CoCrMo alloys for hip joint prosthesis. Their results have indicated that 
wear behavior of MOM bearings could be affected by many factors, mainly including: (1) the 
materials (the use of ‘as cast’ or forged alloy with various heat treatments), (2) macro- and 
micro-geometry (difference in diameter and the clearance between mated components), (3) the 
resultant type and amount of lubrication, and, (4) the adoption of various hip joint simulators with 
various load and motion characteristics. The interactions among these factors determine the 
complexity of the MOM bearings wear behavior. For this reason it is of fundamental importance to 
have an in-depth understanding of the extent to which the factors may be effective. Therefore, this 
study aims to elucidate wear behavior/mechanisms of CoCrMo alloys with various microstructures 
by different carbon additions and processes, geometrical factors on contact and wear mechanisms 
of MOM bearings using hip joint simulator; as well as microstructure factors on wear behavior of 
MOM bearings using hip joint simulator.  
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  The synergy effect of the sigma phase and carbide on the wear behavior of CoCrMo alloys 
under Hanks’ lubricated condition has been evaluated. Pin-on-disc wear tests were used to 
investigate the influence of precipitates (carbides, sigma, nitrides), crystal natural (FCC, HCP) on 
wear behavior of biomedical CoCrMo alloys, from the microstructure point of view. The high 
carbon (HC) bearings exhibited higher coefficient of friction (CoF) than the low carbon (LC) ones 
owing to harder precipitates and rougher surfaces. The LC bearings resisted better than the HC 
ones with less wear factor. The LC discs showed a significantly less wear than the HC ones, since 
the former is dominated by fractured-sigma-phase-induced two-body abrasive wear, whereas the 
latter by precipitate-torn-off-induced surface fatigue and three-body abrasive wear. In addition, 
strain-induced martensite observed on the worn surface of LC disc was contributed to the increase 
of hardness and abrasion resistance. From the above results, it can be seen that sigma phase is 
definitely detrimental to generate initiation in surface crack since weak bonding between 
sigma/carbide interface and discontinuity of material. In general, material with carbides and nitrides 
(in the sizes and conditions considered in this study) exhibit higher wear resistance than LC alloy, 
provided they exist in proper morphographies and distribution. Instead, the areas adjacent to the 
carbides showed local depletion of some alloying elements and unstable property suggesting 
these boundaries tended to be preferential sites to generate torn-off-material-induced pitting. 
Alloying elements, can generate solid solution or precipitation strength in matrix, however, beside 
the precipitate interface problem, some of them (carbon) also increase the stacking fault energy 
significantly and decrease the density of stacking faults, twins and martensite, indicating that 
strain-induced martensite can increase the wear resistance. Despite the presence of micron- and 
nano-sized carbides and nitrides, the tested FCC CoCrMo alloys exhibited excellent mechanical 
properties whereas HCP alloy exhibited extra hardness, consequently extra wear resistance, 
despite of elongation lack. We suggest HCP alloy would be a promising material for biomedical 
application, after some further clinic relevant study.  
  The combination of design parameters, with manufacturing accuracy, is considered to be 
significant to influence wear bearing of MOM bearings. As radial clearance decrease and head 
diameter increase, the MOM bearings exhibit better wear behavior as a result of improved contact 
status as verified by finite element simulation. The dry contact mechanics and lubrication regimes 
of HBSS-lubricated MOM bearings with different radial clearances were evaluated. The volume 
wear rate and contact pressure were found to increase with the radial clearance of the bearings. 
Analyses of the lubrication regime using the Hamrock and Dowson formula revealed that all the 
MOM bearings operated under boundary lubrication over 1.0 Mc wear tests. However, bearings 
with a radial clearance of 20 Pm exhibited less abrasive wear and lower volume wear rate, which 
was due to their lower contact pressure and better lubrication. The observed volume wear rates 
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and contact mechanics indicated that the radial clearance significantly affected the contact and 
lubrication and that a small clearance improved the wear resistance of lubricated MOM bearings. 
The lubrication is more susceptible than contact since the clearance increases during wear, 
leading to consistent results that most MOM bearings, would operate in boundary lubrication. 
Regardless of different contact zones (sliding, or with impact) on the surface, the subsurface 
undergo similar subsurface micro-structural changes, which is characterized as nano crystal layer, 
strain-induced martensite, and matrix. The contact zone with impact exhibit obvious pitting that 
make a distinction with other surface morphologies of scratches and adhesion.  
  The in vitro wear tests were performed in a twelve-station three-axial AMTI hip simulator. 
Lubricant is foetal Bovine Serum solution (30%) diluted with distilled water. Streptomycin (0.6 wt%) 
was added to prevent microbiological contamination. The temperature was controlled at 37s2 Υ 
during the test. Increasing the carbon content changes the microstructure of the alloys by resulting 
in a higher precipitation of globular carbides, subsequently decreases the wear. The total volume 
loss shows that HC-HC combination exhibit most excellent wear resistance; however, T test 
results indicate that no significant difference was observed for any two combinations. Surface 
fatigue (pitting) was observed in HC alloy and considered as a main reason leading to the unstable 
wear behavior of HC alloy. Abrasion is the dominant wear for LC alloys whereas surface fatigue is 
dominant wear for HC alloys. Micro crack is a significant reason for the unstable MOM wear rate of 
bearings conducted under the same experimental conditions. Compared to Hanks lubricated 
bearings, effect of radial clearance is not obvious on the wear behavior of MOM bearings in 
Hanks+bovine. Lubrication is more significant than carbon content affecting wear behavior of 
MOM bearings, since significant difference is between volume loss of LC-LC bearings lubricated in 
bovine and Hanks at run-in stage (p > 0.05).  
  From the above results, it can be seen that pin-on-disc test is conducted for a simple, rapid 
evaluation for basic wear properties for certain material. It can reflect the wear behavior of hip 
bearings to some extent, however far from enough, since the bearings wear is not only depend on 
material properties, but also external factors such as geometry, lubrication, load and motion 
characteristics. Up to now, many study with pin-on-disc test focus their research on basic material 
evaluation. Although pin-on-disc test can’t replace that conducted in hip joint simulator, similar worn 
surface topography were observed in both tests. In addition, although there has been some work 
for wear behavior evaluation of the biomedical CoCrMo alloys, only tests with HC and LC alloys 
were conducted in the bovine serum. It is necessary to evaluate the wear behavior of other alloys 
in physiological solutions, together with the presence of proteins and bio-organisms that similar to 
physiological body fluids, and those issues will be performed in future work, for a thorough resume 
of the alloy for orthopaedic uses from the point view of author.  
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